16 17 Clostridioides (formerly Clostridium) difficile is the most common cause of hospital-18 acquired infection, and advanced age is a risk factor for C. difficile infection. Disruption of the 19 intestinal microbiota and immune responses contribute to host susceptibility and severity of C. 20 difficile infection. However, the impact of aging on the cellular immune response associated with 21 C. difficile infection in the setting of advanced age remains to be well described. This study 22 explores the effect of age on cellular immune responses in C. difficile infection as well as 23 disease severity. Young adult mice (2-3 months old) and aged mice (22-28 months old) were 24 rendered susceptible to C. difficile infection with cefoperazone and then infected with C. difficile 25 strains of varying disease-causing potential. Aged mice infected with C. difficile develop more 26 severe clinical disease, compared to young mice. Tissue-specific CD45+ immune cell 27 responses occurred at the time of peak disease severity in the cecum and colon of all mice 28 infected with a high-virulence strain of C. difficile; however, significant deficits in intestinal 29 neutrophils and eosinophils were detected in aged mice. Interestingly, while C. difficile infection 30 in young mice was associated with a robust increase in cecal and colonic eosinophils, there was 31 a complete lack of an intestinal eosinophil response in aged counterparts accompanied by a 32 simultaneous increase in blood eosinophils with severe disease. These findings demonstrate 33 that age-related alterations in immune responses are associated with significantly worse C. 34 difficile infection and support a key role for intestinal eosinophils in mitigating C. difficile-35 mediated disease severity.
INTRODUCTION

38
In the last two decades, the frequency of C. difficile infection (CDI) among hospitalized 39 patients has steadily increased, particularly among those 65 years of age and older (1) . Several 40 studies have demonstrated that as an individual's age increases, so does their risk of C. difficile 41 infection and the severity of CDI-associated disease (2, 3) . While the connection between 42 advanced age and severe CDI disease outcomes has been well established, the contribution of 43 the aging host's immune responses during acute CDI disease development and pathogenicity of 44 C. difficile strain remains to be clarified.
45
Recently, peripheral eosinophil counts were found to be predictive of CDI disease 46 severity and mortality in patients (4), and eosinophils were shown to potentially be protective in 47 mouse models of CDI (5, 6) . Eosinophils are innate immune cells that predominantly reside in 48 close proximity to microbes that colonize mucosal surfaces under non-inflammatory 49 homeostasis (7) . The biological function of eosinophils in health and disease are most well 50 studied and described in the protection against helminth infections (8) and in the pathogenesis 51 of allergy (9). There is now growing evidence supporting a previously under-appreciated role for 52 eosinophils as important mediators of intestinal immune responses (10), and the expression of a 53 broad range of pattern-recognition receptors in eosinophils suggest a potential role in bacterial 54 infection (11). Recent efforts by multiple research groups have indicated a role for eosinophils in Lamina propria cell isolation. Cecum and colon were excised, separated, and the lumen was 114 flushed. Residual fat was removed and tissues were opened longitudinally. Tissue was placed 115 in pre-warm RPMI medium containing 0.5M EDTA, dithiothreitol, and fetal bovine serum (FBS) 116 and incubated at 37°C on an orbital shaker at 150 rpm for 15 min. After incubation, a steel 117 strainer was used to separate tissue pieces from the epithelium-containing supernatant. Tissue 118 was minced in RPMI medium containing dispase, collagenase II, DNase I, and FBS and 119 incubated at 37°C on an orbital shaker at 150 rpm for 30 min. Digested tissue was filtered 120 through a 100 μm cell strainer followed by a 40 μm cell strainer. The resultant single cell 121 suspensions were counted on a hemocytometer using trypan blue exclusion test. Figure 1A ). There was no age or strain-associated difference in C. 
199
We sought to determine if there was an age-related difference in peripheral eosinophil 200 responses during C. difficile infection. We found that aged mice infected with the high-virulence 
220
Interestingly, aged mice had a significant peripheral eosinophil response whereas young mice 221 lacked an eosinophil increase detected in the blood during severe CDI. Our results also suggest 222 that eosinophils may play differential roles, whether that be protective or pathogenic. 238 infection (5). In the aforementioned study, cytokine, IgA and IgG, and muc2 analysis were 239 assessed in the cecum while eosinophils were enumerated in the colon. While we detected 240 robust eosinophil infiltration in the cecum of young mice, we did not observe this in the colon of 241 young or aged animals. Another group found that peripheral loss of eosinophils in patients with 242 C. difficile infection was predictive of severe disease (4). We report that young mice had 243 significantly increased numbers of intestinal eosinophils during C. difficile infection, compared to 244 mock-infected young controls, while aged mice did not have intestinal eosinophil infiltration and 245 significantly worse CDI disease, compared to young mice. However, eosinophils in the blood of 246 aged mice infected with the more virulent strain of C. difficile were significantly increased at the 247 time of peak CDI disease severity, compared to young counterparts. It is possible that 248 eosinopenia at the time of symptom onset is predictive of increased CDI disease severity and 249 mortality, but eosinophil levels may increase in the blood as CDI disease progresses over time.
250
Additionally, eosinophil responses may be altered in older patient populations and may not be 251 predictive of CDI outcomes. Our results also suggest tissue-specific eosinophil responses in the 252 distal intestinal tract, so further examination of local tissue responses is warranted.
253
While the general blunted cellular immune response in the intestine of aged mice with 254 CDI may be explained by immunosenescence, which describes the aging of the immune 
